Introduction

63
Hemorrhagic fever with renal syndrome (HFRS), a global infectious disease caused 64 by hantaviruses (HV) in the Bunyaviridae family, is characterized by fever, According to previous studies, over 90% of all cases of HFRS in the world have 71 occurred in China in recent decades [4, 5] . Although the harm caused by HFRS in 72 humans has declined in recent years due to the development of preventive measures 73 and medical capabilities, HFRS is still a serious public health threat in China today.
74
Shandong Province, which has the second largest population among all the provinces 75 in China, has been suffering from a large HFRS burden for several decades. In the 
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Ethics statement
93
This study was reviewed and approved by the Ethical Review Board, Science and 
Study area and data source
99
The study area is located in the North China Plain, in eastern China (34°22'to 100 38°23'north latitude, 114°19' to 122°43' east longitude, Fig 1) , with a population of 5 101 more than 99 million and an area of 158,000 km 2 . Shandong Province has a large 102 population of agricultural workers and high land cultivation rate in China. The central 103 region is mountainous and hilly, which is surrounded by plains. 
107
The map was visualized with ArcGIS 10.2 software (ESRI Inc., Redlands, CA, USA).
108
The records of HFRS cases between 2012 to 2015 were obtained from the China 
Results
153
Epidemiological characteristics of HFRS
154
From 2012 to 2015, 6,206 HFRS cases and 59 related deaths were reported in 155 Shandong Province, and the annual incidence rate, mortality rate and case fatality rate 156 ranged from 1.15 to 1.87 per 100,000, 0.01 to 0.02 per 100,000, and 0.80% to 1.07%, 157 respectively (Table 1) . During the study period, the annual HFRS incidence rate in 158 Shandong Province peaked in 2013, then decreased year by year, and reached its 159 lowest point in 2015. In addition, there were two incidence peaks each year, the small 160 peak was from April to June and the larger one was from October to January.
161
However, mortality rates and case fatality rates declined year by year. The deaths 162 mainly occurred from September to January (Fig 2) . As for spatial distribution, 
167
HFRS= hemorrhagic fever with renal syndrome. 
171
The plus sign represented the location of deaths. proportions of rodents captured in each surveillance site were also displayed. branch. In addition, the genetic diversity associated with the SEOV branches indicated 235 that they were more homogeneous than the HTNV branches, which had a higher 236 degree of genetic diversity. 
Analysis of HFRS epidemic foci
254
To more intuitively identify the current HFRS epidemic foci in Shandong Province, Province, indicating the epidemic foci during the study period.
262
The epidemic foci comprised two major foci, designated Regions a and b, which is 263 located in southeastern and central Shandong Province, respectively, and a smaller 264 one designated Region c in southwestern Shandong Province (S2 Table) . Among norvegicus-dominated mixed-type epidemic area. the characteristics of the disease, virus host and laboratory testing were analyzed in 295 this study, and the current epidemic foci were identified.
296
Overall, the annual HFRS incidence rate exhibited small fluctuations during the 297 study period, peaking in 2013, then decreasing year by year, and reaching its lowest 298 point in 2015. There were still annual incidence peaks, which comprised a small peak 299 in late spring to early summer and a big peak in autumn to winter. The small peak is 300 associated with indoor-related infections linked to R. norvegicus breeding activity,
301
while the big peak is mainly due to the increased contact between people and wild rats 302 when they work in fields, and the migration of wild rats from fields to residential 
381
Although the overall epidemic intensity was lower than the previous intensity in 382 Shandong Province, it was still relatively high compared to the rest of the country.
383
The spatio-temporal distribution of HFRS within Shandong Province indicated 
